The David Livingstone Spectral Imaging Project is a collaborative, international effort to use spectral imaging technology and digital publishing to make available a series of faded, illegible texts produced by the famous Victorian explorer when he was stranded without ink or writing paper in Central Africa. The poster describes existing achievements of the project, plans for an innovative portal providing access to images and data, and preservation challenges.
INTRODUCTION
Presenting enhanced access to materials through innovative imaging technology and online representation is one goal of digital libraries. A recent electronic publication, Livingstone's 1871 Field Diary: A Multispectral Critical Edition, achieves this goal by making available images, transcriptions, and criticism of a previously illegible manuscript. (1) The diary was written by David Livingstone, a British explorer in Africa, after he had run out of both paper and ink. With homemade ink he wrote cross-wise on an old newspaper that he had fashioned into a small book. The newspaper is now fragile and the ink Livingstone used has faded extensively, making the manuscript exceptionally difficult to read. See Figure 1 . Dr. Adrian Wisnicki, a specialist on Livingstone and nineteenth-century British literature, collaborated with scholars, imaging scientists, and the staff of the UCLA Digital Library Program to recover and publish this lost text. This poster reviews the imaging process used to create the images that became the basis for the electronic edition and accompanying spectral image archive. (2)
IMAGING and PROCESSING
The imaging, image processing, and data management work for the Livingstone project was conducted by a team of specialists who had developed these techniques during ten years of imaging of the celebrated Archimedes Palimpsest. (3) First, each folio of the 1871 field diary was illuminated by a series of successive wavelengths of light-starting with ultraviolet, working through the visible spectrum, and concluding with infrared-and each illumination was captured by a high-resolution digital camera (39 megapixel). The resulting images were then processed using tailored mathematical algorithms in order to manipulate and enhance raw spectral image data to differentiate the two inks-the homemade reddish ink that Livingstone used and the black ink of the newspaper over which he wrote. These two inks behave differently under different wavelengths of light. The printed text remains stable through the different illuminations; Livingstone's ink fades to total invisibility as wavelengths of light increase. Imaging scientists were able to enhance and invert this behavior to restore Livingstone's otherwise nearly illegible text. See Figure 2 . The imaging scientists first used principal component analysis (PCA) to study the Livingstone images. The PCA technique uses combinations of an original set of images to construct an equivalent set of images ordered by statistical variance. If the images contain objects that differ in color, they may be distinguished ("segmented") in the set of principal components Once the PC images are produced, the scientists examine the images to identify those that show different inks and insert these images into the red, green, and blue channels (RGB) of a "pseudocolor" (false color) image. If the handwritten ink appears as "light" in one of the PC images and "dark" in another, then the corresponding pixels may exhibit a color tone in the pseudocolor image that allows easier differentiation between the handwritten and printed texts. If necessary, the scientists further manipulate the pseudocolor image by using appropriate software.
For the 1871 Field Diary, scholars also worked with the imaging scientists to develop additional processing techniques. One of these techniques focused on exploiting the variant behavior of the inks, thereby suppressing the printed text and making Livingstone's handwriting very visible. Another technique focused on reducing bleedthrough text from the reverse side of the page. The resulting image displayed the recto text in cyan-blue and the verso text in green-yellow, a combination that significantly enhanced the legibility of the recto text. Finally, one of the imaging scientists also developed a "toolbox" for ImageJ, an open-source image processing application. (4) This toolbox facilitates the work of scholars who wish to fine-tune processed spectral images batchproduced by scientists. Ultimately, the work of the scientists resulted in the creation of a variety of spectral image processing techniques to recover the text of Livingstone's 1871 Field Diary. 
RESULTS
While the rediscovery and publication of Livingstone's original writings were the objective of this project and the team has produced a sophisticated electronic edition, the Livingstone project also generated a significant amount of image data. This data has now also been published as a standalone dataset, the Livingstone Spectral Image Archive. This archive provides easy access to all the raw and processed spectral images and contains registered spectral TIFF images with metadata embedded in the header; metadata files in plain text; TEI/XML P5 transcriptions when available; and MD5 checksum files to ensure image and transcription fixity. In most cases, the XML transcriptions include spatial data linking lines of text to corresponding spectral image areas.
As part of the Livingstone Project, the open source toolbox in ImageJ for processing spectral data has been customized to facilitate basic image processing by non-experts and is now extensible for ongoing development. The use of ImageJ and the collaborative scholar-scientist model developed by the Livingstone team will facilitate the application of spectral imaging in U.S. collections by extending image processing -normally the province of scientists -to include significant input from scholars, historians and archivists who are familiar with the documents under consideration. (6) 
DATA CURATION
As mentioned above, the resulting archive of images and associated files has been published online, but the data archive must also be curated and preserved as a digital asset. Therefore, following France et al.'s recommendation, the UCLA Library keeps a second copy of the dataset as a preservation master, which will soon be migrated to the Library's Fedora repository. (7) The preservation of this archive has been facilitated by careful preparation, which includes explicit filenaming, hierarchical organization of files into folders in a predictable structure, the creation of extensive metadata both embedded into the TIFF 6 files and available separately in plain text files, and the inclusion of extensive documentation outlining data standards, file specifications, and technologies used to produce the archive.
CONCLUSION
The use of spectral imaging enabled the rediscovery of the text of Livingstone's original 1871 field diary, the first significant nineteenth-century British manuscript to be studied with this technology. The application of this technology to medieval manuscripts continues, and digital libraries are well positioned to publish such work in a manner that invites readers to examine all the resulting images and participate in the reclamation of text. Next steps will include developing more sophisticated viewing interfaces (via web or app) that allow the user to delve into the rich image data that this method produces.
